INTRODUCTION
Tide-dominated coastal lagoons are complex and dynamic ecosystems whose chemical, physical, and biological properties show wide spatial variations ranging from daily to seasonal. Recent increases in anthropogenic activities have affected the internal processes that define these ecosystems, due to ocean-continent interactions. Continental discharges (runoff from urban, industrial, and agricultural activities) typically contain high concentrations of nitrogen and phosphorous. The constant influx of these and other nutrients into coastal zones produces a regional enrichment where consequences include atypical microalgal blooms (some of which are toxic) and changes in composition of the phytoplankton communities (Kress et al. 2002 , Colbert & McManus 2003 .
Most phytoplankton is unicellular or in relatively simply organized colonies of autotrophic organisms that are broadly dispersed in the ocean (Tomas 1997 , Falkowski et al. 1998 , 2004 . Their abundance in oceanic, fresh, and brackish water bodies is determined by several abiotic factors, such as light, temperature and nutrients. Along the coast, phytoplankton are found where conditions that sustain their abundance and diversity prevail; however, extremely high abundances, in the form of red tides or algal blooms occur with weak seasonality in the region and more frequently with a strong seasonality along the north Pacific coast (Kudela et al. 2008 , Trainer et al. 2009 , Band-Schmidt et al. 2010 . Among the 12 taxonomic divisions and three kingdoms (Cavalier-Smith 1993 , Falkowski et al. 1998 , 2004 ) that make up the phytoplankton, the diatoms are one of the most diverse and abundant groups, followed by dinoflagellates, silicoflagellates, and nanoflagellates (Tomas 1997 , Falkowski et al. 1998 , Mann 1999 , Chepurnov et al. 2005 , Garcés et al. 2008 .
Of the 5000 species comprising marine phytoplankton, only 80 have the capacity to produce toxins that are harmful to human health, directly through shellfish consumption or indirectly through the affect on aquaculture and tourist activities that result in severe economic losses (Hallegraeff 2003) . For example, cosmopolitan marine species of the genus Pseudo-nitzschia (H Peragallo, 1899) may bloom in coastal and oceanic regions and under certain conditions produce domoic acid, a neurotoxin responsible for amnesic shellfish poisoning (Bates 1998 , Bates et al. 1998 , 1989 , Mos 2001 . Recently, a large number of bloom events have been reported along Mexican coasts (Sierra-Beltran et al. 1997 , Ochoa 2003 , Gómez-Aguirre et al. 2004 , Cortés-Altamirano & Licea-Duran 2004 , García-Mendoza et al. 2009 ). However, studies describing algal blooms in internal coastal bodies influenced by adjacent marine waters are lacking. Thus, the aims of this study were to characterize the phytoplankton community present in Cuyutlan Lagoon (Colima, Mexico) during the algal bloom of December 2009 and to identify the dominant Pseudo-nitzschia species responsible for the bloom.
MATERIALS AND METHODS
Cuyutlan Lagoon is located on the Mexican Pacific coast, at 18º53'N-19º03'N and 104º00'W-104º20'W ( Fig. 1) , and is a shallow coastal lagoon (depth average of 80 cm). It exchanges water with the sea at three points: the Tunnel, near the port of Manzanillo; through water intake from the Ventanas Channel which is used for the cooling of the condensers at the electric power plant; and across the Tepalcates Channel; these engineering works divide it into 4 basins. The lagoon circulation is determined by the tidal interaction through its marine communications and by the wind drag over its surface; close to the sites of water exchange the maximum depth reaches 5 m (SAGARPA 2004 1 , Patiño-Barragán et al. 2008) .
For the present study, samples were made at eight stations located in areas influenced by tidal exchange (parts of the basins II and III) and were carried out on 28 th December 2009 between 9:30 and 14:00 h. Basin II is bounded by the railway embankment and the Tepalcates Bridge, while basin III is located between this bridge and a gate which regulates water flow. The average depth of this part of the lagoon is between 30 and 190 cm.
Temperature and salinity were measured in situ with an YSI probe (model 85), and pH with an HACH model sensION 2 potentiometer. Surface-seawater was collected for nutrient analysis using a Skalar San Plus autoanalyzer, as described in Grasshoff et al. (1983) . Samples for chlorophyll a extraction were kept in the dark at 4ºC and then filtered as needed through glass filters (0.7 μm pore size). Chlorophyll a was acetone-extracted and then quantified in a spectrophotometer (Perkin-Elmer model Lamba 35) according to Strickland & Parsons (1972) .
Vol. 46, Nº2, 2011 Revista de Biología Marina y Oceanografía For taxonomic identification 100 mL of superficial water was fixed with Lugol's solution. Phytoplankton subsamples were examined using sedimentation chambers and an area with a representative number of cells enumerated (20 mL settled and more than 300 cells enumerated) under an inverted bright-field light microscope at 200-400x magnification (Motic AE31) (Throndsen 1995) . Identification was generally to the genus level and abundance reported as cells L -l with a limit of detection by this method of 20 cells L -1 (Utermöhl 1931). When light microscopy observations revealed a Pseudo-nitzschia abundance > 2 × 10 4 cells L -l , the cells were further examined by scanning electron microscopy. Organic material was removed from the samples with sulfuric acid and potassium permanganate, followed by the addition of oxalic acid, as described in Lundholm et al. (2002) . The remaining material was mounted on a polycarbonate filter, attached on stubs with colloidal silver, sputter-coated with gold, and then observed at 20-30 kV in a Jeol JSM-390 LV scanning electron microscope (SEM). In each sample, organisms identified as Pseudo-nitzschia were examined for morphometric characteristics (width and length of the valve, density of striae, fibulae and poroids) under SEM in a different and appropriate area of the filter, from one transect to a whole filter depending on the cell abundance (minimum cell number measured = 30). The percentages of each species found in SEM were applied to the cell counts.
RESULTS

PHYSICOCHEMICAL PARAMETERS
The surface water temperature varied from 24.3 to 26.9°C, with the minimum at station S1 and the maximum at station S8. Dissolved oxygen values were between 5.6 and 8.5 mg L -l , with the minimum at station S1 and the maximum at station S8. Salinity ranged from 34.4 to 34.8 psu, with the minimum at station S3 and the maximum at station S1. The pH values were homogeneous, ranging from 7.9 to 8.1 (Table 1) .
Nutrients and chlorophyll a: Dissolved inorganic nutrients, defined as nitrates and nitrites (NO 2 -+NO 3 -), were present in concentrations ranging from 0.68 to 5.17 μM, with the lowest value measured at station (S3) at basin II and the highest at basin III of the lagoon (S7). Ammonium (NH 4 + ) concentrations ranged from 1.63 to 2.4 μM. Phosphates (PO 4 3-) concentrations were between 0.01 (S5, S6, and S8) and 3.63 μM (S3). Silicates (SiO 2 ) ranged from 5.38 (S3) to 8.21 μM (S8) ( Table 1) . Chlorophyll a concentrations varied from 0.62 to 1.74 mg Chl a m -3 , registered at station S3 and S8, respectively (Table 1) .
PHYTOPLANKTON ABUNDANCE
The lowest abundances (2.44 × 10 5 cells L -l ) were detected at station S2 (Figs. 2, 3 ) while at stations S1 and S5-S8 the values were higher, ranging from 5.4 × 10 5 cell L -l at station S1 to 4.4 × 10 5 cells L -1 at station S8 (Figs. 2, 3) . At all stations, the taxonomic composition of large phytoplankton groups was dominated by diatoms, with the lowest relative abundance measured at station S8 (71.4%). The highest chlorophyll concentration was measured (1.74 mg Chl a m -3 ) and the highest was found at station S4 (90.3%) (Fig. 4 , Table 1 ). The second most abundant group were the nanoflagellates, accounting for 24.8% of the relative abundance at station S8 but only 9.7% at station S4 (Fig.  4) . Dinoflagellates were poorly represented, accounting only .1% of the relative abundance at station S5 and completely absent at stations S1, S4 and E7 (Fig. 4) .
Among the diatom groups, the most abundant genus was Pseudo-nitzschia; its relative abundance was high at all stations, with a maximum of 74.3% at station S1 and a minimum of 50% at station S2 (Fig. 3) . Three species were found and characterized as follows:
Pseudo-nitzschia brasiliana (Lundholm, Hasle and Fryxell, 2002) . This diatom has rectangular shape lacks a central nodule. The species morphometric data coincided with the original description and literature data. (Table 2 ; Fig. 5A, D) . This was the predominant species, with abundance at station S1 of 3.4 × 10 5 cells L -1 (Fig. 3) .
Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928. This diatom has lanceolate form and a central nodule. Their morphometric values were similar to those found in the literature (Table 2 , Fig. 5C, F) . It occurred at station S7 but was not the dominant species, representing only 8.3% of the Pseudo-nitzschia identified. However, at station S8 it was the only species identified, with an abundance of 2.1 × 10 5 cells L -1 (Fig. 3) . Pseudo-nitzschia micropora (Priisholm, Moestrup & Lundholm 2002 ). This lanceolate-shaped diatom lacks a central nodule (Table 2 , Fig. 5B, E) . It was found only at station S7, with an abundance of 1.8 × 10 5 cells L -l , accounting for 85% of Pseudo-nitzschia at this location (Fig. 3) . 
DISCUSSION
Cuyutlan Lagoon has high economic value for the State of Colima, which is based on its fishing, salt extraction, and eco-tourism activities. However, the lagoon has not been systematically monitored with the aim of detecting harmful algal blooms. While algal blooms have been observed in the area, their toxicity was not assessed. Quijano-Scheggia et al. (2006) described the effect on phytoplankton communities, and especially diatoms, over two annual cycles (1989-1990 and 1991-1993) , during periods when the Tepalcates Channel was open/closed. They reported that salinity and temperature are the controlling physical factors in the observed alterations of species composition. Specifically, when the Channel was open the diversity and abundance of planktonic diatoms increased.
Nutrient concentrations at the study site were limited with respect to Phosphate according to the criteria of Justic et al. (1995) , however, despite this it was in the range measured in other tropical coastal lagoons of the Mexican Pacific (Contreras-Espinosa 1985 , ContrerasEspinosa et al. 1997 . In Cuyutlan Lagoon, like Falcao & Vale (2003) and Carr et al. (2010) report, the nutrient levels are related to the dynamic interaction of low depth and the influence of wind/tide strength that causes resuspension of organic and inorganic material from sediments, as observed in basin II. The higher nutrient concentrations of basin III can be explained by the increased water residence time that enhances the remineralization of organic matter.This relates to the fact that toward internal stations (S1 or S8) salinity and temperature values are also higher, which is an indicator that in this part of the lagoon water exchange is lower and allows evaporation and higher salinities, as reported in other coastal lagoons (Mudge et al. 2008 , Malhadas et al. 2010 . The spatial distribution in temperature can be supported with a correlation coefficient of 0.96 against the distance from each station to the Tepalcates Channel.
Several Pseudo-nitzschia species were identified from the Cuyutlan Lagoon samples where the most abundant was P. brasiliana. This species is non-toxic and opportunistic, proliferating when environmental conditions are optimal (e.g., temperature > 24°C, as was the case at station S1 during the study period), but decreasing to levels barely within detection limits when conditions become unfavorable (Villac et al. 2005 , QuijanoScheggia et al. 2010 . The second most abundant Pseudo- Table 2 . Representative morphological characteristics of the Pseudo-nitzschia species as observed in field samples from Cuyutlan Lagoon and the comparison with data from examined literature. All measurements were done using the scanning electron microscopy method / Características morfológicas representativas de las especies de Pseudo-nitzschia observadas en muestras naturales de la Laguna de Cuyutlán y comparadas con datos de literatura. Todas las mediciones se llevaron a cabo a través de microscopia electrónica de barrido Vol. 46, Nº2, 2011 Revista de Biología Marina y Oceanografía nitzschia species was P. delicatissima, a species hard to identify that is potentially toxic (Moestrup et al. 2011) . It was found at stations S7 and S8, i.e., far from Tepalcates Channel (the communication between the sea and the lagoon), where hydrodynamic conditions promote higher availability of NO 2 -+ NO 3 -and a low concentration of PO 4 -3 possibly due to the assimilation of this nutrient from phytoplankton as proposed by Boyle et al. (2004) . This fact is related to the maximum values of chlorophyll a (1.3 and 1.74 mg Chl a m -3 respectively Table 1 ). The third most abundant species was P. micropora, which is typically found in temperate to warm waters (around 28°C) similar to the environment of the Cuyutlan Lagoon. This species has thus far been described only in Vietnam and Thailand (Priisholm et al. 2002) but was found in abundance inside basin III (S7), where the low water exchange results in longer residence times and higher water temperatures. The Port of Manzanillo is the most important of the Mexican Pacific, it handles 68% of the load up through the Mexican Pacific and its zone of influence extends to 74 international destinations, with marine traffic including large ships coming directly from Asian countries such as Indonesia, Hong Kong, China, South Korea, Taiwan, Malaysia, Singapore and the Philippines (ApiMan 2009) 3 . We assume that the detected range of environmental parameters and the proximity of the Port of Manzanillo are the factors which led to the presence of these species within the lagoon, due to the exchange of ballast water from these ships as reported by Hallegraeff (2003) .
Further studies are recommended to identify and detect the emergence of new species capable of producing harmful algal blooms in Cuyutlan Lagoon and adjacent coastal areas. And finally, for Pseudo-nitzschia brasiliana and P. micropora, this is the first report for these species in the Mexican Pacific.
